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1. [bookmark: _GoBack]Introduction
In this contribution, we discuss rate-matching aspects for DL and UL. The relevant agreements are following [1]-[2]:
	Agreements:
· A UE can be configured by RRC signaling with one or more resource set(s)
· The UE shall assume that the scheduled PDSCH is rate-matched around the resource set(s) when the scheduled PDSCH overlaps 
· FFS: exact configuration of a resource set including granularity.

Agreements:
· A UE can be configured by UE-specific RRC signaling to identify resource set(s) for which the PDSCH may or may not be mapped based on the L1 signaling.
· For a scheduled PDSCH overlapping with given resource set(s), L1 signalling indicates whether the scheduled PDSCH is rate-matched around the resource set(s) or is mapped to the resources in the resource set(s).
· FFS: details of the L1 signaling 
· FFS: exact configuration of a resource set including granularity

Agreements:
· At least the following is supported
· When the scheduled PDSCH overlaps with the PDCCH scheduling the PDSCH, the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH scheduling the PDSCH
· Other forms of resource sharing between PDCCH and PDSCH are not precluded

Agreement:
RMR(s) for PDSCH resource mapping includes CSI-RS REs at least.




2. Remaining issues for rate-matching for DL and UL
FFS on exact configuration of a resource set including granularity
At the RAN1 AH-NR#3 meeting, two types of resource configurations for rate-matching patterns were identified, where one is RB/symbol granularity, and the other is RE/symbol granularity.
· Type 1: Resource sets with RB/symbol granularity
· Configured by a first bit-map of RBs and a second bit-map of OFDM symbols for which the first bit-map applies.
· Type 2: Resource sets with RE/symbol granularity
· Configured by a first bit-map of length 12 corresponding to subcarriers within a RB, and a second bit-map of length 14 corresponding to OFDM symbols in a slot where the first bit-map applies, and a third bit-map of length N_RB corresponding to the RBs where the first two bit-maps apply.
We consider that the above two types quite well cover various use-cases of rate-matching the PDSCH. Resource set should also be defined for PUSCH, where some differences in configurable set patterns may be different due to different types of multiplexing (e.g., DL has multiplexing of PDCCH + PDSCH, while UL has multiplexing of PUSCH + PUCCH). Nevertheless, the framework regarding signaling and procedure for handling the resource set should be common. Overall needs of resource sets/patterns are well summarized in [3].

FFS on details of the L1 signalling
The candidate signaling would be the DCI scheduling the PDSCH or a group-common DCI/PDCCH. It is preferable to design the system such that it works without group-common DCI/PDCCH. The resource reservation set indication should also be enabled by UE-specific DCI only. We propose that indication of reserved resource set can be included in the scheduling DCI, where the field size is relatively small. For the purpose of MIMO operation, the size of the field and the pattern flexibility should be configurable. Firstly, unlike LTE-A, MU-MIMO is designed with non-transparent manner. In this sense, gNB should inform DM-RS resource for co-scheduled UE. More specifically, gNB should indicate whether other comb resource for front-loaded DM-RS is used for co-scheduled UE or not. In addition, rate matching assumption for additional DM-RS should be also informed, since additional DM-RS can be UE-specifically configured. Secondary,  rate matching for ZP/NZP-CSI-RS resources needs to be informed to the UE; considering Rel. 14 LTE design of 2-bit dynamic indication, flexibility equivalent to 4 states would be the must. It may be also beneficial that gNB dynamically indicates rate matching resource for PT-RS depending of PT-RS design for MU-MIMO. Since the necessary flexibility in the indication depends on how much optimize for MU-MIMO/CoMP type of operation, the size of the indication field should also be configurable. 
Besides, it is also beneficial to support resource reservation set indication by group-common DCI/PDCCH. For the group-common DCI/PDCCH, the number of bits available for the indication would be relatively large, e.g., 15 bits. Therefore, various patterns can flexibly be indicated by the group-common DCI/PDCCH.
Note that the UE behavior for the indicated reserved resource set is same as for nominal ‘reserved’ case.
Proposal 1:
· Reserved resource set can be indicated by the DCI scheduling the PDSCH.
· The indication is jointly coded with start/end indication of the scheduled PDSCH.
· Group-common DCI/PDCCH supports dynamic resource reservation.
· In both cases, UE behavior for reserved resources is consistent.

3. Other remaining aspects
3.1. Support for cross-slot scheduling
NR supports cross-slot scheduling. How the reserved resource set is configured/indicated for the case of cross-slot scheduling has not been discussed yet. For the case that the resource reservation set is indication by the scheduling DCI, it is straightforward that the indicated reserved resource set is reserved no matter whether it is cross-slot scheduling or self-scheduling. 
On the other hand, group-common DCI/PDCCH is not UE-specific (cross-slot scheduling is UE-specific) and hence it is not feasible to reserve the resource based on the indication of group-common DCI/PDCCH in the scheduling slot.
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(a) Cross-slot scheduling with resource reservation by the DCI
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(b) Cross-slot scheduling with resource reservation by GC-PDCCH carrying SFI
Fig. 1	Resource reservation for cross-slot scheduling.

Proposal 2:
· For cross-slot scheduling,
· DCI scheduling the PDSCH indicates reserved resource set for the scheduled PDSCH.
· The indication is jointly coded with start/end indication of the scheduled PDSCH.
· Group-common DCI/PDCCH indicates reserved resource for the intended slot(s).
· In both cases, UE behavior for reserved resources is consistent.

3.2. Handling of other PDCCHs for rate-matching the scheduled PDSCH
It was agreed that when the scheduled PDSCH overlaps with the PDCCH scheduling the PDSCH, the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH scheduling the PDSCH. However, this only addresses DL assignment for the PDSCH, but not for other types of PDCCHs, such as:
· UL grant for PUSCH in this carrier
· DL assignment/UL grant scheduling PDSCH/PUSCH in the other carrier (for cross-carrier scheduling)
· DL assignment/UL grant scheduling PDSCH/PUSCH in the other slot (for cross-slot scheduling)
· Group-common PDCCH (i.e., carrying SFI)
· Group-common DCI (i.e., carrying pre-emption indication for downlink)
· Other PDCCHs in the common search space (i.e., for scheduling SI, paging, etc)
Among them, group-common PDCCH, group-common DCI, and other PDCCHs in the common search space, should be in the semi-static/dynamic reserved resource set, since those PDCCH structure/mapping (e.g., aggregation level and exact physical layer mapping) cannot be determined sorely by this UE. On the other hand, UE-specific PDCCHs, such as UL grant, should be handled in the same way. Then, the agreement can be extended as follows:

Proposal 3:
· When the scheduled PDSCH overlaps with PDCCH(s) scheduling UE-specific PDSCH(s)/PUSCH(s), the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH(s).
· The PDCCH scheduling a UE-specific PDSCH/PUSCH in the above sentence can be:
· The PDCCH scheduling the PDSCH in this slot on this carrier.
· A PDCCH scheduling a PUSCH in this slot on this carrier.
· A PDCCH scheduling a PDSCH/PUSCH in the other slot or on the other carrier.
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Fig. 2	Rate-matching around UL grant.

With the proposal 3, when the UE misses a PDCCH overlapped with the scheduled PDSCH, the UE cannot identify the rate-matching pattern and hence cannot receive the PDSCH. However, if this is the concern to the network, gNB can simply avoid overlapping between any PDCCH and the scheduled PDSCH or to configure/indicate the resource set for the PDCCH to be reserved. The above proposal 3 just adds additional flexibility on gNB scheduler, while does not create any additional problem/complexity.

4. Conclusion
In this contribution, we discussed remaining issues on resource sharing between PDCCH and PDSCH and proposed following:
Proposal 1:
· Reserved resource set can be indicated by the DCI scheduling the PDSCH.
· The indication is jointly coded with start/end indication of the scheduled PDSCH.
· Group-common DCI/PDCCH supports dynamic resource reservation.
· In both cases, UE behavior for reserved resources is consistent.
Proposal 2:
· For cross-slot scheduling,
· DCI scheduling the PDSCH indicates reserved resource set for the scheduled PDSCH.
· The indication is jointly coded with start/end indication of the scheduled PDSCH.
· Group-common DCI/PDCCH indicates reserved resource for the intended slot(s).
· In both cases, UE behavior for reserved resources is consistent.
Proposal 3:
· When the scheduled PDSCH overlaps with PDCCH(s) scheduling UE-specific PDSCH(s)/PUSCH(s), the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH(s).
· The PDCCH scheduling a UE-specific PDSCH/PUSCH in the above sentence can be:
· The PDCCH scheduling the PDSCH in this slot on this carrier.
· A PDCCH scheduling a PUSCH in this slot on this carrier.
· A PDCCH scheduling a PDSCH/PUSCH in the other slot or on the other carrier.
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